Abstract -The solid acidic nanocatalyst fly-ash:H3PO4 was prepared and characterized by FT-IR, SEM, EDS and TEM analysis. This catalyst was utilized for aldol condensation, coupling and cyclization reaction. The effect of catalytic activity of this fly-ash:H3PO4 nanocatalyst was studied with the obtained yield of products under solvent-free conditions. In this synthetic reaction the obtained yields were more than 95 %.
I. INTRODUCTION
Nowadays scientists and chemists are paying much more interest in nanomaterials, nanochemistry and nanotechnology related fields of research with tremendous scientific and economic potential [1] . Due to exclusive characters and ideal properties, nanoparticles play an important role in development of materials research, physics, all branches of chemistry, biotechnology, pharmaceutical, medicinal and automotive industries [2] - [5] . Two decades ago the terms, such as nanoparticle [6] , nanopowder [7] , nanotube [8] and nanoplate [9] , in addition to other related shape-based terms, rapidly became very common. During the past few years the concerted efforts of researchers have led to reports of an enormous number of the nanostructure types mentioned above and to the discovery of rarer species, such as nanodumbbells [10] , nanoflowers [11] , nanorices [11] , nanolines [12] , nanotowers [13] , nanoshuttles [14] , nanobowlings [15] , nanowheels [16] , nanofans [17] , nanopencils [18] , nanotrees [19] , nanoarrows [20] , nanonails [21] , nanobottles [22] , nanovolcanoes [23] and nanobiopolymers [24] , among many others. Development of nanotechnology provides the 0-3 dimensional [25] nanomaterials such as clusters, particles, nanotubes, nanowires, nanoplates, layers, core/shell nanoparticles or self-assembled massives, intermediate dimensional nanostructures such as fractals or dendrimers, or the classification based on the following triad: symmetry, group-shell, composition-structural formula of the shell.
Graphene [26] and many metal oxide nanoparticles are used for CO2 capture and as guest dependent luminescence biosensors, super capacitors, photovoltaics fuel cells and nanofluids, for immobilization of enzymes, biomagentic agents, water purification, hydrogen production, lithium ion batteries, and transparent electronics and so on. Clay based [27] , [28] nanomaterials are also applied in ion exchanger manufacturing industry. In synthetic organic chemistry research numerous metals and their oxides in form of nanomaterials have been used. Diethyl carbonate was synthesized from CO2, ethanol and butylene oxide using cerium oxide nanoparticles by Leino et al. [29] . Choudary [30] and his co-workers synthesized some flavanone derivatives using nanocrystalline MgO by ClaisenSchmidt condensation. The ZnO nanoparticles are used for photodegradation of organic dyes [31] . TiO2-Pr-SO3H nanocrystalline catalyst was applied for the synthesis of quinoxaline derivatives [32] . Neodymium oxide (Nd2O3) nanocatalyst was used for studying the surface activity of SERS substrates [33] . Some nanomaterials are used as efficient catalysts for CO oxidation [34] , [35] , as electrochemical redox systems [36] , for hydrogenation [37] , for functional-thiolate stabilization [38] and fullerene-substituted oligopyridine. Recently Sujitha and Kannan [39] synthesized and characterized green gold nanoparticles using citrus fruit (Citrus limon, Citrus reticulata and Citrus sinensis) aqueous extract. Yang et al. have studied the catalytic synthesis of silver nanoparticles using bovine serum albumin protected silver nanoclusters and their application for colorimetric detection of ascorbic acid [40] . Recently Thirumurthy and Thirunarayan have studied the synthetic utilities of peony flower like SO4 2--SnO2-fly ash [41] and craspedia flower like sulfated Bi2O3-fly ash catalyst [42] . Within view of the above there is no report available for preparation of fly-ash:H3PO4 nanocatalyst, its characterization and its synthetic utility in literature in the past. Hence the authors have taken efforts and wish to report for the first time preparation and characterization of fly-ash:H3PO4 nanocatalyst and its synthetic application in the formation of C-C, C=N in aldol condensation, coupling and cyclization
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13 reactions for synthesis of enones, imines and 1H-pyrazoles. The effect of catalytic activity of fly-ash:H3PO4 nanocatalyst was studied with the obtained yield of the products.
II. MATERIALS AND METHODS

A. General
All chemicals used in this work were purchased from ) were recorded on Avatar-300 Fourier transform spectrophotometer (Thermo Nicolet, USA). A Bruker AMX-400 NMR spectrometer (Bruker AXS GMBH, Karlsruhe, Germany) operating at 400 MHz was utilized for recording 1 H NMR spectra and at 125.75 MHz for 13 C NMR spectra in CDCl3 solvent using TMS as internal standard. Electron impact (70 eV) and chemical ionization mode FAB + mass spectra were recorded using Shimadzu spectrometer.
C. Preparation of H3PO4 Catalyst
About 2 g of fly-ash was put in a 100 mL Corning glass conical flask, 2 mL (1.96 g, 2 mmol) of phosphoric acid in 20 mL of isopropanol and 20 mL of double distilled water was added drop-wise and stirred well in a magnetic stirrer for 2 h. Solvent evaporation gave a dirty white fly-ash:H3PO4 catalyst. Further it was dried in a hot air oven for 3 h and stored in a vacuum desiccator.
III. RESULTS AND DISCUSSION
Waste fly-ash is a harmful air pollutant for the environment. Its composition shows many chemical species and organic mud [43] . Hence we have converted this fly-ash to a useful efficient catalyst for synthesis of organics with mineral acid. In our research laboratory the preparation of various fly-ash based green solid catalyst work is going on and reported earlier. We have synthesized fly-ash:H3PO4 nanocatalyst for green synthetic methods.
A. FT-IR Spectral Analysis
FT-IR spectra of H3PO4 loaded fly-ash ( Fig. 1) shows new absorption bands, the characteristic absorption of H3PO4 appears as follows: the stretching of P-O bond, whose intensity was close to two (P=O phosphoryl groups) and they appear around 1521-1369 cm -1 . The absorption band that appears at 1095 cm -1 is the characteristic stretches of PO4 3- group. A broad band appears at 1095 cm -1 resulting from the lowering of the symmetry in the free PO4 3-(Td point group). With regard to the band that appears at 1637 cm -1 , the higher vibrational frequency leads to the stronger Lewis acid sites in the sample. 
B. SEM Analysis
The texture and morphology of the catalyst are very important parameters and might influence its activity. SEM images of pure fly-ash and fly-ash:PO4 3-are shown in Fig. 2 a and in Fig. 2 b. The SEM image of pure fly-ash (Fig. 2 a) depicts a surface that is porous in nature. The SEM image of fly-ash:PO4 3- (Fig. 2 b) shows that the average size of the particles is in the range from 19 to 22 nm; this is denoted on the Fig. 2 b. The EDS of fly-ash:PO4 3-is displayed in Fig. 2 c. The weight percentage of phosphorous in the phosphate flyash at a particular region is 0.24. 
C. TEM Analysis
D. Particle Size Analysis
The particle size analysis of synthesized solid fly-ash:H3PO4 nanocatalyst was done in Masterizer 2000 particle size analyzer instrument. The particle size analysis report is shown in Fig. 4 . From the analysis report the fly-ash:H3PO4 particle is 0.073 m large. This measurement was supported for the catalyst and this is existing in nanoscale. 
E. Synthetic Applications of Fly-ash:H3PO4 Nanocatalyst
The prepared green solid fly-ash:H3PO4 nanocatalyst was subjected to evaluation of catalytic activity in C-C, C=N bond formation reactions, namely, aldol condensation, coupling and cyclization of carbonyl compounds, amines and hydrazine hydrates, respectively.
F. Aldol Condensation (Synthesis of (E)-2-propen-1-ones)
The synthesized solid fly-ash:H3PO4 nanocatalyst was used as catalyst for synthesis of enones by condensation of aryl methyl ketones and aldehydes. Equimolar quantities of aryl methyl ketones and aldehydes and 0.15 g of fly-ash:H3PO4 nanocatalyst were placed in a Borosil round bottomed flask and mixed thoroughly. Microwave oven was utilized (Scheme 1) at 120 C with the regular interval time 30 s (Ragatech, RG 31L Scientific Microwave oven, 230 V A/C, 50 Hz, 2450 Hz, 1200 rpm (beam reflector)). After the treatment of the reaction mixture, it gave 95 % of the respective enones. The analytical and mass spectral data of enones are presented in Table I . Scheme 1. Synthesis of chalcones using fly-ash:H3PO4 nanocatalyst catalyzed aldol condensation between aryl methyl ketones and substituted benzaldehydes.
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The catalyst was reused for further runs up to five times. There was no significant loss in the percentage of product in the second to fifth runs. The reusability of this catalyst was studied with 1 mol of aryl methyl ketone and 1 mol of benzaldehyde (entry 9) and 0.14 g of fly-ash:H3PO4 nanocatalyst and the results are shown in Table II . The first two runs gave 95 % and the third, fourth and fifth runs gave 94.5 % and 94 % of product (Table II) . The effect of catalyst loading was studied in this reaction by adding the catalyst from 0.02 g to 0.2 g and the results are shown in Fig. 5 . After adding the catalyst quantity 0.15 g, there is no increment in the yield. Similarly, the effect substituent study shows that the higher yield was obtained for methoxy and methyl substituted ketones or aldehydes and lesser percentage of products were obtained for electron-withdrawing substituents like halogens and NO2. The effect of solvent on product in the aldol condensation was studied with aryl methyl ketone and benzaldehyde (entry 9). The solvents like ethanol, dichloromethane, dimethylformamide and tetrahydrofuran were employed for this reaction and the results are shown in Table III . Comparatively the high yields of the enones were obtained in solvent-free condensation. The UV-visible, infrared and NMR spectroscopical data of enones (entries 9-17) are presented in Table STI (see supplementary data) .
G. Condensation of Aryl Aldehyde and Amines (Synthesis of Schiff's Bases)
Acidic solid fly-ash:H3PO4 nanocatalyst was used as catalyst for synthesis of Schiff's bases, E-imines by condensation of aryl amines and aldehydes. Equimolar quantities of aryl amines and aldehydes and 0.15 g of fly-ash:H3PO4 nanocatalyst were placed in a Borosil round bottomed flask and mixed thoroughly. This mixture was subjected to microwave irradiation for 4-6 min in a microwave oven (Scheme 2) at 120 C with a regular interval time 30 s (Ragatech, RG 31L Scientific Microwave oven, 230 V A/C, 50 Hz, 2450 Hz, 1200 rpm (beam reflector)).
Scheme 2. Synthesis of Schiff's bases using fly-ash:H3PO4 nanocatalyst catalyzed condensation between aryl amines and substituted benzaldehydes. 
17
After the treatment of the reaction mixture, it gave 93 % of the respective Schiff's bases. The analytical and mass fragment data of Schiff's bases are presented in Table IV . The catalyst was reused for further runs up to five times. There is no significant loss in the percentage of product in the second to fifth runs. The reusability of this catalyst was studied with 1 mol of aryl amine and 1 mol of benzaldehyde (entry 9) and 0.15 g of fly-ash:H3PO4 nanocatalyst and the results are shown in Table STII (see supplementary data) . From the table, the first two runs gave 92 % and the third, fourth and fifth runs gave 91.5 % and 91 % of product. The effect of catalyst loading was studied in this reaction by adding the catalyst from 0.02 g to 0.2 g and the results are shown in Fig. SF1 (see  supplementary data) . After adding 0.15 g of catalyst there is no increment in the yield. Similarly, the effect of substituent study shows that the higher yield was obtained for methoxy and methyl substituted amine or aldehydes and lesser percentage of products were obtained for electron-withdrawing substituents like halogens and NO2. The effect of solvent on product in the aldol condensation was studied with aryl amine and benzaldehyde (entry 9). The solvents like ethanol, dichloromethane, dimethyl formamide, dioxane and tetrahydrofuran were employed for this reaction and the results are shown in Table STIII (see supplementary data).
Comparatively the high yield of the enones was obtained in solvent-free condensation. The UV-visible, infrared and NMR spectroscopical data of imines (entries 9-17) are presented in Table STIV (see supplementary data) .
H. Cyclization of Enones and Hydrazine Hydrate (Synthesis of 1H-Pyrazolines)
Again we have studied the catalytic activity of the synthesized solid fly-ash:H3PO4 nanocatalyst by cyclization of enones with hydrazine hydrate for synthesis of 1H-pyrazolines. Equimolar quantities of chalcones and hydrazine hydrate and 0.15 g of fly-ash:H3PO4 nanocatalyst were placed in a Borosil round bottomed flask and thoroughly mixed. This mixture was subjected to microwave irradiation for 4-6 min in microwave oven (Scheme 3) at 120 C with the regular interval time 30 s (Ragatech, RG 31L Scientific Microwave oven, 230 V A/C, 50 Hz, 2450 Hz, 1200 rpm (beam reflector)). 
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After the treatment of the reaction mixture, it gave 93 % of the respective pyrazolines. The analytical and mass fragments data of pyrazolines are presented in Table V . The catalyst was reused for further runs up to five times. There was no significant loss in the percentage of product in the second to fifth runs. The reusability of this catalyst was studied with 1 mol of 10H-2-phenothiazinchalcone and 1 mol of benzaldehyde (entry 11) and 0.15 g of fly-ash:H3PO4 nanocatalyst and the results are shown in Table STV (see supplementary data) . From the table, the first two runs gave 92 % and the third, fourth and fifth runs gave 91.5 % and 91 % of product. The effect of catalyst loading was studied in this reaction by adding the catalyst from 0.025 g to 0.2 g and the results are shown in Fig. SF2 (see  supplementary data) . After adding the catalyst 0.15 g, there is no increment in the yield. Similarly, the effect of substituent study shows that, the higher yield was obtained for methoxy and methyl substituted chalcones and lesser percentage of products was obtained for electron-withdrawing substituents like halogens and NO2. The effect of solvent on product in the cyclization was studied with chalcone and benzaldehyde (entry 11). The solvents like ethanol, dichloromethane, dimethyl formamide, dioxane and tetrahydrofuran were employed for this reaction and the results are shown in Table STVI (see  supplementary data) . Comparatively the high yield of pyrazolines was obtained in solvent-free condensation. UVvisible, infrared and NMR spectroscopical data of pyrazolines (entries [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] are presented in Table STVII (see  supplementary data ).
IV. CONCLUSION
We have prepared a solid acidic green fly-ash:H3PO4 nanocatalyst and characterized it by FT-IR spectral data, SEM, EDS, TEM images and particle size analysis. The catalytic activity of this catalyst was investigated by the organic synthetic reactions such as condensation, coupling and cyclization. In these synthetic reactions the obtained yields, such as chalcones, imines and pyrazolines, were more than 95 %. 
SUPPLEMENTARY DATA
The detailed procedure for synthesis of chalcones, imines and pyrazoline derivatives using fly-ash:H3PO4 nanocatalyst by condensation, coupling and cyclization process. The effect of catalyst, yield, reusability, characterization of synthesized selective compounds is available in supplementary data.
